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0HVRSRURXV DOXPLQD FDWDO\VW VXSSRUWVZLWK KLJK VXUIDFH DUHD XSWRPJ DQG SRUH YROXPH XSWRFPJ
KDYH EHHQ V\QWKHVL]HG WKURXJK 6ROJHO SURFHVV XVLQJ QRQLRQLF EORFN FRSRO\PHUV DV D WHPSODWH 1LWURJHQ JDV
DGVRUSWLRQ )7,5 DQG WUDQVPLVVLRQ HOHFWURQ PLFURVFRS\ ZHUH SHUIRUPHG WR GHWHUPLQH WKH VWUXFWXUH RI WKHVH
V\QWKHVL]HG PDWHULDOV +\GUR SURFHVVLQJ RI YDFXXP UHVLGXH ZLWK SUHSDUHG 1L0R FDWDO\VWV VXSSRUWHG RQ
PHVRSRURXV DOXPLQDZDV FRQGXFWHG LQ D EDWFK UHDFWRU7KHK\GURSURFHVVLQJ UHDFWLRQVZHUHSHUIRUPHG DW 
Û&ZLWKK\GURJHQSUHVVXUHRIEDU+LJKFRQYHUVLRQVZLWK ORZFRNH IRUPDWLRQDQGKLJKTXDOLW\RI OLTXLG
SURGXFWVZWRIQDSKWKDZWRIPLGGOHGLVWLOODWHVZWRI9*2DQGZWRIUHVLGXHLVREWDLQHG
ZLWKWKHFDWDO\VWKDYLQJODUJHSRUHGLDPHWHUDQGKLJKSRUHYROXPH

7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
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6XVWDLQDEOH'HYHORSPHQWIRU0LQLQJRI0LQHUDODQG)RVVLO(QHUJ\5HVRXUFHV
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SURFHVV DV FRQYHQWLRQDO K\GUR WUHDWLQJ 9DFXXP UHVLGXH 95 LV WKH KHDYLHVW IUDFWLRQ RI SHWUROHXP
UHVLGXH IUDFWLRQV 7KH SUHVHQFH RI KLJK FRQFHQWUDWLRQ RI DVSKDOWHQH DQGPHWDOVPDNHV WKH 95 DV D
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7KH PDLQ
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,WKDVEHHQDOUHDG\UHSRUWHG LQ OLWHUDWXUH WKDWGLIIXVLRQRI ODUJHPROHFXOHVVXFKDVDVSKDOWHQHDQG
RUJDQRPHWDOOLF FRPSRXQGV WKURXJK WKH FDWDO\VW SRUHV WR UHDFK LWV DFWLYH VLWHV LV WKH OLPLWLQJ VWHS LQ
KHDY\ RLO K\GURFUDFNLQJ UHDFWLRQV7KHUHIRUH WKH SRUH VL]H DQG SRUH YROXPH RI WKH FDWDO\VW SOD\V D
FUXFLDOUROHLQLPSURYLQJWKHFDWDO\VWOLIHF\FOHDQGGHFUHDVLQJWKHUDWHRIFDWDO\VWGHDFWLYDWLRQ,WKDV
EHHQ IRXQG WKDWPHVRSRURXVPDWHULDOV IDYRXU WKH DFFHVV RI DVSKDOWHQHV IURP WKHKHDY\ RLOV LQWR WKH
DFWLYH VLWHV RI WKH FDWDO\VW WKHUHE\ SURPRWLQJ DVSKDOWHQH FRQYHUVLRQ +'$V K\GURGHPHWDOOL]DWLRQ
+'0DQGUHVLGXHFRQYHUVLRQUHDFWLRQV
,QWKHSUHVHQWVWXG\PHVRSRURXVDOXPLQDVZHUHV\QWKHVL]HGXVLQJQRQLRQLFVXUIDFWDQWDVVWUXFWXUH
GLUHFWLQJ WHPSODWHV 7KHQ WKH FDWDO\WLF DFWLYLW\ VWXGLHV RI WKH 1L0RFDWDO\VW VXSSRUWHG RQ WKHVH
PHVRSRURXVDOXPLQDLQWKHXSJUDGLQJRI95DVIHHGVWRFNKDVEHHQLQYHVWLJDWHG
([SHULPHQWDO
2.1. Support synthesis 
$OXPLQXPLVRSURSR[LGHDOIDDHVDUDQG3WULEORFNFRSRO\PHUVLJPDDOGULFKZHUHXVHGDV
DOXPLQXP VRXUFH DQG QRQLRQLF VXUIDFWDQW UHVSHFWLYHO\ 7KH VROYHQWV XVHG IRU WKH V\QWKHVLV DUH
LVRSURSDQRODQGVHFEXWDQRO
7KHPHVRSRURXVDOXPLQDVKDYHEHHQSUHSDUHGE\XVLQJVROJHOURXWH7KHPRODUFRPSRVLWLRQIRUWKH
V\QWKHVLVRI$/,LVDOXPLQXPLVRSURSR[LGHVXUIDFWDQW'3$GLSURS\ODPLQHZDWHU
DQGLVRSURSDQRO7KHVXUIDFWDQWZDVGLVVROYHGLQKDOIRIWKHUHTXLUHGDPRXQWRILVRSURSDQRODQG
WKHDOXPLQXPLVRSURSR[LGHZDVDGGHGLQWRWKLVVROXWLRQ7KHQDVROXWLRQFRQWDLQLQJZDWHU'3$DQG
UHPDLQLQJ VROYHQW ZDV DGGHG GURS ZLVH WR DERYH PDGH VROXWLRQ ZLWK FRQVWDQW VWLUULQJ DW URRP
WHPSHUDWXUH 7KH UHVXOWLQJ JHO ZDV VWLUUHG IRU K DQG WKHQ OHIW IRU K DW URRP WHPSHUDWXUH 7KH
V\QWKHVL]HGDOXPLQDSDVWHZDVVHSDUDWHGE\ILOWUDWLRQDQGZDVKHGZLWKDPL[WXUHRIHWKDQRODQGZDWHU
 IROORZHGE\GU\LQJDW. IRUK7KHQ WKH VDPSOHZDVFDOFLQHGDW . IRU KDW UDWH RI
Û&PLQ7KHVDPSOHLVGHQRWHGDV$/,
)RU WKH V\QWKHVLV RI$/,, PRO RI VXUIDFWDQWZDV GLVVROYHG LQ PRO RI VHFEXWDQRO 7KHQ
PRORIDOXPLQXPLVRSURSR[LGHZDVDGGHG$IWHUKRIVWLUULQJDWURRPWHPSHUDWXUHDGLOXWHVROXWLRQ
RIZDWHU LQ VHFEXWDQROZDV DGGHGGURSZLVHZLWK FRQVWDQW VWLUULQJ7KHDVV\QWKHVL]HGSURGXFWZDV
WKHQVWLUUHGDWURRPWHPSHUDWXUHIRUKIROORZHGE\GU\LQJDWÛ&IRUK)LQDOO\WKHGU\SRZGHUZDV
FDOFLQHGDWÛ&IRUK7KHFDOFLQHGPDWHULDOLVDVVLJQHGDV$/,,
2.2. Catalyst preparation 
7KH FDWDO\VWV ZHUH SUHSDUHG E\ WKH LQFLSLHQW ZHWQHVV LPSUHJQDWLRQ PHWKRG ZLWK VXFFHVVLYH
LPSUHJQDWLRQ RI WKH SUHFXUVRU VDOWV DPPRQLXP KHSWDPRO\EGDWH 1+0R2+2 DQG QLFNHO
QLWUDWH1L12+27KHILQDOFRPSRVLWLRQRIWKHFDWDO\VWZDVZW0R2DQGZW1L27KH
LQWHUPHGLDWHGU\LQJZDVGRQHDWÛ&IRUKDQGFDOFLQHGDWÛ&IRUK5+&,DQG5+&,,DUHWKH
1L0RFDWDO\VWVXSSRUWHGRQPHVRSRURXVDOXPLQD$/,DQG$/,,UHVSHFWLYHO\
2.3. Support and catalyst characterization 
0HVRSRURXVDOXPLQD VXSSRUWV DQG FDWDO\VWV ZHUH FKDUDFWHUL]HG E\ 1SK\VLRVRUSWLRQ ;UD\
GLIIUDFWLRQ ;5' DQG 7UDQVPLVVLRQ HOHFWURQ PLFURVFRS\ 7(0 1LWURJHQ DGVRUSWLRQGHVRUSWLRQ
DQDO\VLVDWOLTXLGQLWURJHQWHPSHUDWXUHÛ&ZDVREWDLQHGZLWK%(/0$;6253HTXLSPHQW3ULRU
WR WKH DQDO\VLV WKH VDPSOHV ZHUH GHJDVVHG IRU K DW Û& 7KH )7,5 DEVRUSWLRQ VSHFWUD RI WKH
SUHSDUHGDOXPLQDVDPSOHVZHUHREWDLQHGZLWKD1LFROHW)7,5VSHFWURSKRWRPHWHULQWKHUDQJH
RI FP 7KH SRZGHU ;UD\ GLIIUDFWLRQ ;5' SDWWHUQV ZHUH REWDLQHG RQ DQ ;UD\
'LIIUDFWRPHWHU'$GYDQFH%UXNHU$;=*0%+XVLQJ D&X.D UDGLDWLRQ N    QP 7(0
VWXGLHV RI VXSSRUWV DQG VXOSKLGHG FDWDO\VWV ZHUH SHUIRUPHG XVLQJ D 7HFKQDL * LQVWUXPHQW 7KH
FDWDO\VW VXSSRUW DQG VXOSKLGHG FDWDO\VWV ZHUH XOWUDVRQLFDOO\ GLVSHUVHG LQ HWKDQRO DQG QKHSWDQH
UHVSHFWLYHO\7KHVXVSHQVLRQZDVFROOHFWHGRQFDUERQFRDWHGJULGV
2.4. Catalytic activity 
7KH FDWDO\WLF DFWLYLW\ WHVWVZHUH SHUIRUPHG LQ D EDWFK UHDFWRU DW Û& DQG  EDU RI WRWDO
SUHVVXUHIRUKZLWKFRQVWDQWVWLUULQJ3ULRUWRFDWDO\WLFDFWLYLW\VWXGLHVWKHFDWDO\VWVZHUHDFWLYDWHGE\
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VXOSKLGDWLRQ XQGHU DWPRVSKHULF SUHVVXUH RI WKH R[LGLF FDWDO\VWV XVLQJ H[VLWX VXOSKLGDWLRQ DSSDUDWXV
)RU WKLVK\GURJHQZDVSDVVHG WKURXJKDFRQWDLQHUFRQWDLQLQJ&6DQG WKHQWKHVDWXUDWHGPL[WXUHRI
&6DQGK\GURJHQZDVSDVVHGWKURXJKWKHUHDFWRUDWÛ&IRUK7KHVXOSKLGHGFDWDO\VWJZDV
WKHQ WUDQVIHUUHG LQ DQ LQHUW DWPRVSKHUH WR D EDWFK UHDFWRU 6ROLG DQG OLTXLG SURGXFWVZHUH VHSDUDWHG
IURPWKHFDWDO\VWDIWHUWKHUHDFWLRQDQGWKHPHWDOVXOSKXUDQGDVSKDOWHQHFRQWHQWVRIWKHOLTXLGSURGXFWV
ZHUHDQDO\VHG7KHVSHQWFDWDO\VWVZHUHZDVKHGZLWKKRWWROXHQHE\WKHVR[KOHWSURFHVVDQGGULHGDW
Û&IRUKEHIRUHFKDUDFWHUL]DWLRQ
2.5. Analytical procedures 
$670'ZDVXVHG IRU6$5$DQDO\VLVRI WKH IHHG0HWDOV 1L9ZHUH DQDO\VHG LQ WKH
IHHGDQGSURGXFWVXVLQJ,&3$(6/HHPDQ0RGHO'5(36897KHWRWDOVXOSKXUFRQWHQWZDV
DQDO\VHGZLWKR[IRUGPRGHO/DE;XVLQJ[UD\ IOXRUHVFHQFH7KHHOHPHQWDO FDUERQQLWURJHQ
K\GURJHQ ZDV DQDO\VHG XVLQJ DQ (OHPHQWHU9DULR0LFUR &+16 DQDO\]HU 7KH GHQVLW\ DQG G\QDPLF
YLVFRVLW\RIWKHOLTXLGSURGXFWVZHUHPHDVXUHGDFFRUGLQJWRWKH$670'E\WKH9LVFRPHWHU690
 $QWRQ3DDU$VSKDOWHQH LV GHWHUPLQHG DFFRUGLQJ WR$670'PHWKRG&DWDO\VWZHLJKW
ORVVGXH WRFRPEXVWLRQRI WKHVSHQWFDWDO\VWKDVEHHQPHDVXUHGE\ WKHUPRJUDYLPHWULF 3HUNLQ(OPHU
7*$ DQDO\VLV )RU WKLV H[SHULPHQW WKH EXUQLQJ RI FRNH ZDV FDUULHG RXW LQ D POPLQ DLU
DWPRVSKHUHPJRIVDPSOHZDVSODFHGLQSODWLQXPFUXFLEOHDQGKHDWHGIURPDPELHQWWHPSHUDWXUHWR
WKH ILQDO WHPSHUDWXUH RI Û& DW UDWH RI Û&PLQ %RLOLQJ SRLQW GLVWULEXWLRQ RI WKH IHHG DQG WKH
SURGXFWVZHUHGHWHUPLQHGE\WKHUPRJUDYLPHWULFDQDO\VLV7*$
5HVXOWDQGGLVFXVVLRQ
3.1. Support and catalyst characterization 
)LJXUH VKRZV WKH QLWURJHQ DGVRUSWLRQGHVRUSWLRQ LVRWKHUPV DQG SRUH VL]H GLVWULEXWLRQ RI WKH
FDOFLQHGȖDOXPLQD VDPSOHV DQG VXSSRUWHG1L0R FDWDO\VWV7KHLU VXUIDFH DUHD SRUH YROXPH DQGSRUH
VL]HGLVWULEXWLRQDUHOLVWHGLQWDEOH
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D      E
)LJ1LWURJHQVRUSWLRQLVRWKHUPVDDQGSRUHVL]HGLVWULEXWLRQVERIPHVRSRURXVDOXPLQDVXSSRUWVDQG1L0RFDWDO\VWV
1VRUSWLRQLVRWKHUPVDUH7\SH,9,83$&GHVLJQDWLRQZKLFKFRQILUPVWKHSUHVHQFHRIPHVRSRUHV
)RUPHVRSRURXVDOXPLQDVXSSRUWV$/,DQG$/,,D+W\SHRIK\VWHUHVLVORRSLVREVHUYHGLQGLFDWLQJ
WKHSUHVHQFHRISODWH OLNHSRUHV$QDUURZSRUH VL]HGLVWULEXWLRQ LVREVHUYHG LQ36'SORWV7KHSRUH
YROXPHRIDQGFPJ IRU$/,DQG$/,,DUH ODUJH IRU V\QWKHVL]HGVDPSOHV7KHK\VWHUHVLV
ORRSV DUH VKLIWHG WR KLJKHU 33 ZKLFK LQGLFDWHV WKDW WKH FDSLOODU\ FRQGHQVDWLRQ RFFXUV LQ ODUJH
PHVRSRUHV 7KH SRUH YROXPH RI DOXPLQD VXSSRUW $/, LV UHGXFHG IURP  WR  FPJ ZLWK
LPSUHJQDWLRQRIPHWDOV

7DEOH7H[WXUDOSURSHUWLHVRIWKHFDOFLQHGPHVRSRURXVDOXPLQDVXSSRUWVDQGDVSUHSDUHG1L0RFDWDO\VWV
6DPSOHV 6%(7PJ 3RUH9ROXPHFPJ 3RUHGLDPHWHUQP
$/,   
$/,,   
5+&,   
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5+&,,   

 ,QIUDUHG VSHFWUD LQ ILJXUH RI GULHG EHIRUH FDOFLQDWLRQV DQG FDOFLQHG DOXPLQD PDWHULDOV
VKRZ WKH SUHVHQFH RI K\GUR[\ODWLRQ OHYHO RQ WKH VXUIDFH RI V\QWKHVL]HG VDPSOHV 7KH V\PPHWULF
VWUHWFKLQJYLEUDWLRQ FRUUHVSRQGLQJ WR$O2+ERQGZDVREVHUYHGDW  DQGFP$EVRUSWLRQ
EDQGVDWDQGFPZHUHGXHWRWKHYLEUDWLRQVRI$O2$OZKLOHSHDNVDWDQGFPFDQ
EHDVVLJQHGWRWKHEHQGLQJYLEUDWLRQRI$O2DQG2+UHVSHFWLYHO\
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

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
)LJ)7,56SHFWUDRIPHVRSRURXVDOXPLQDVXSSRUWV$$/,DQG%$/,,
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

)LJ;5'VSHFWUDRI5+&,DQG5+&,,

;5'GLIIUDFWLRQSDWWHUQILJXUHRIWKHERWKFDWDO\VWVLQGLFDWHVWKDWDFWLYHPHWDOPRO\EGHQXPDQG
SURPRWHU DUH ZHOO GLVSHUVHG LQWR WKH DOXPLQD VXSSRUW 7KH DEVHQFH RI SHDNV DW ș Û VKRZHG
DPRUSKRXVSKDVHRIPRO\EGHQXPR[LGH
7KHPRUSKRORJ\DQDO\VLVRIWKHFDOFLQHGDOXPLQDVXSSRUWVDQG1L0RFDWDO\VWVDIWHUVXOSKLGDWLRQ
ZHUHSHUIRUPHGDQGWKHLU7(0LPDJHVDUHGLVSOD\HGLQILJXUH
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)LJ,PDJHVRI7UDQVPLVVLRQHOHFWURQPLFURVFRS\7(0RI$FDOFLQHGPHVRSRURXVDOXPLQDPDWHULDO$/,DQG%VXSSRUWHG
FDWDO\VW5+&,

7KHREVHUYDWLRQRISODWHOLNHSDUWLFOHVLQ7(0LPDJHRIPHVRSRUXVDOXPLQDVXSSRUW$/,LV
FRQVLVWHQWZLWKWKH+W\SHRIK\VWHUHVLVREVHUYHGLQLWVFRUUHVSRQGLQJLVRWKHUPILJXUHD7(0
SKRWRJUDSKVRIWKHVXOSKLGHG5+&,UHSUHVHQWVWKHEORFNWKUHDGOLNHIULQJHVFRUUHVSRQGVWRWKH0R6
VODEV6$('SDWWHUQVDOVRFRQILUPWKHDPRUSKRXVGLIIXVHULQJVQDWXUHRIWKHV\QWKHVL]HGPDWHULDOV
3.2. Feedstock characterisation 
7KHPDLQSK\VLFRFKHPLFDOSURSHUWLHVRIWKHIHHGDUHGHVFULEHGLQWDEOH7KHYDFXXPUHVLGXHKDG
ODUJHDPRXQWRIKHWHURDWRPVOLNHYDQDGLXPDQGQLFNHO7KHFRQWHQWRIYDQDGLXPPHWDOLVPRUHWKDQ
QLFNHO FRQWHQW DQG LQVROXEOH FRQWHQW LV aZW 7KHUHIRUH 95 XVHG IRU WKLV ZRUN LV KLJKO\
FRQWDPLQDQWDQGKLJKO\YLVFRXVPDWHULDO7KHPRUHFRQFHUQHGRIWKLVIHHGLVLWVKLJKLQVROXEOHPDWHULDO
ZKLFKDGYHUVHO\HIIHFWVWKHFDWDO\VWGHDFWLYDWLRQGXULQJUHDFWLRQ
7DEOH3URSHUWLHVRIWKHIHHGVWRFNVWXGLHG
3URSHUWLHV 9DFXXP5HVLGXH
3K\VLFDOSURSHUWLHV 
'HQVLW\JPODWÛ& 
9LVFRVLW\&VWDWÛ& 
$3,*UDYLW\ 
(OHPHQWDO$QDO\VLVZW 
& 
+ 
1 
6 
0HWDOZSSP 
1L 
9 
6$5$)UDFWLRQZW 
6DWXUDWHV 
$URPDWLFV 
5HVLQV 
Q&LQVROXEOH 
3.3. Catalytic activity 
7KH K\GUR WUHDWLQJ DFWLYLWLHV RI WKH $/, DQG $/,, VXSSRUWHG 1L0R FDWDO\VWV ZHUH VWXGLHG IRU
YDFXXPUHVLGXH7KH+'6+'0DQG+'$VDFWLYLWLHVDUHFRPSDUHGLQILJXUH7KLVILJXUHLQGLFDWHV
WKDW1L0RFDWDO\VW 5+&, VXSSRUWHGRQ WKHPHVRSRURXV DOXPLQD$/, KDGKLJKHU+'6DQG+'0
DFWLYLWLHVWKDQWKHFDWDO\VWVXSSRUWHGRQ$/,,7KHODUJHUSRUHGLDPHWHUDQGKLJKHUSRUHYROXPHVPLJKW
EHWKHUHDVRQIRUWKHKLJKHU+'6DQG+'0DFWLYLWLHVRIWKH5+&,
330   Kirtika Kohli et al. /  Procedia Earth and Planetary Science  11 ( 2015 )  325 – 331 

)LJ+\GURWUHDWLQJDFWLYLWLHVRIWKH5+&,DQG5+&,,

7KH95XVHGIRUWKHSUHVHQWVWXG\ZDVKLJKO\DVSKDOWHQLF7KHUHIRUHVLJQLILFDQWIRUPDWLRQRIFRNH
GHSRVLWV RQ WKH FDWDO\VWV GXULQJ UHDFWLRQ ZDV H[SHFWHG 7KH 5+&, KDG D EHWWHU SHUIRUPDQFH IRU
DVSKDOWHQHFRQYHUVLRQ+'$V WKDQ WKH5+&,,7KHSRUHYROXPH LQ5+&,,ZDV ORZHU WKDQ5+&,
VKRZLQJWKDWQRWRQO\WKHSRUHVL]HLVLPSRUWDQWEXWDOVRWKHYROXPHRISRUHV
7KHK\GURFUDFNLQJDFWLYLWLHVRIWKHFDWDO\VWVZHUHDOVRVWXGLHGE\7*$7KHUHVXOWVDUHUHSRUWHGLQ
WDEOH7KHFDWDO\VW5+&,ZLWKODUJHSRUHGLDPHWHUDQGKLJKHUSRUHYROXPHVH[KLELWHGKLJKHUFUDFNLQJ
DFWLYLWLHVLHORZHUDPRXQWRIPDWHULDOVKDYLQJERLOLQJWHPSHUDWXUHKLJKHUWKDQÛ&ZDVSURGXFHG
7*$DQDO\VLVRIWKHVSHQWFDWDO\VWVZDVDOVRPHDVXUHG7KHVSHQWFDWDO\VWREWDLQHGDIWHUUHDFWLRQ
ZHUHZDVKHGXVLQJWROXHQHDVVROYHQWE\WKHVR[KOHWSURFHVV7KHZHLJKWORVVDQGLWVGHULYDWLYHZLWK
WHPSHUDWXUHDUHSUHVHQWHGLQILJXUH






7DEOH+\GURFUDFNLQJDFWLYLWLHVRIWKHFDWDO\VW5+&,DQG5+&,,
3URSHUWLHV 5+&, 5+&,,
.LQHPDWLF9LVFRVLW\PPV  
'HQVLW\JFP  
$3,  
3URGXFW'LVWULEXWLRQZW  
Û&  
Û&  
Û&  
!Û&  
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
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

D     E

)LJ7*$	'7*SURILOHVRI6SHQW&DWDO\VWV$5+&,%5+&,,
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%RWKWKHGHULYDWLYHFXUYHVVKRZWZRSULQFLSDOZHLJKWORVVHV7KHILUVWSHDNLVDWDURXQGÛ&DQG
VHFRQGSHDNSRVLWLRQIRUWKH5+&,DQG5+&,,LVDWDQGÛ&7KHVHFRQGSHDNLVYHU\VKDUS
DQGSURPLQHQW7KHZHLJKW ORVVDW ILUVWSHDN LV IRU WKH ORVVRIZDWHUDQGVHFRQGSHDN LVGXH WRFRNH
EXUQLQJ,WFDQEHVWDWHGWKDWFDUERQGHSRVLWHGRQWKHFDWDO\VW5+&,LVUHODWLYHO\KDUGLQQDWXUH
&RQFOXVLRQV
6ROJHO PHWKRG LV XVHG WR V\QWKHVL]H PHVRSRURXV DOXPLQD DV FDWDO\VW VXSSRUW ZLWK ODUJHU SRUH
GLDPHWHUDVZHOODVKLJKHUSRUHYROXPH%\XVLQJDPLQHLQWKHSUHVHQFHRIQRQLRQLFVXUIDFWDQWKLJK
VXUIDFHDUHDRIPJSRUHYROXPHFPJDQGSRUHGLDPHWHUQPKDVEHHQREWDLQHG1L0R
FDWDO\VWZHUHSUHSDUHGZLWKPHVRSRURXVDOXPLQDDVVXSSRUWVDQGWHVWHGLQK\GURSURFHVVLQJUHDFWLRQDW
WHPSHUDWXUHÛ&DQGEDURI+SUHVVXUHV+\GURFUDFNLQJDVZHOODVK\GURWUHDWLQJDFWLYLWLHV
RI WKH FDWDO\VWV ZHUH GULYHQ E\ SRUH YROXPH DQG SRUH VL]H GLVWULEXWLRQ RI WKH FDWDO\WLF VXSSRUWV
6LJQLILFDQWFRQYHUVLRQVZHUHREVHUYHGZLWKWKH5+&,GXHWRLWVODUJHSRUHYROXPHDQGSRUHVL]H
5HIHUHQFHV
 0DLW\6.3HUH]9+$QFKH\WD-5DQD06&HQWHQR*3HWUROHXP6FLHQFHDQGWHFKQRORJ\
 0DLW\6.%ODQFR($QFKH\WD-$ORQVR))XNX\DPD)XHO
 3XURQ+3LQLOOD-/%HUUXHFR&)XHQWH-$0LOODQ0(QHUJ\	)XHOV
 1LHV].<DQJ36RPRUMDL*$&KHP&RPP
 +XDQJ%%DUWKRORPHZ&+:RRGILHOG%)0LFURSRURXVDQG0HVRSRURXV0DWHULDOV
 )XOYLR3)%URVH\5,-DURQLHF0$SSOLHG0DWHULDOV	,QWHUIDFHV
